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Abstract 

The hadrodynamics of the instantaneous weak interactions (IWI) in Standard Model 
is considered supposing the resonance nature of the chiral hadronization of quark cur- 
rents in QCD. Exploiting this supposition and QCD symmetries the IWI mechanism of 
enhancement of the — > vr transition probability is obtained and relations between elec- 
troweak meson form factors and the amplitudes of the processes Tr~^ e'^ e~ , vu) 

and K~^'K~ e~^e~{ii'^n~ ,1^1') are established. We estimate possible parameters of the 
— > 7r~^e~^e~ decay rate in NA48/2 CERN experiment using the chiral perturbation 
theory. 



1. Introduction 



The observation of kaon weak decays has been crucial for the modern theory of particle physics 
pp. It was accepted to describe weak decays in the framework of electroweak theory at the 
quark QCD level including current vector boson weak interactions 0E|- However, a consistent 
theory at large distances of QCD is not yet constructed up to now. Therefore, now the most 
effective method of analysis of kaon decay physics jH El Ej is the chiral perturbation theory 
[HI E] • In applying this method including one-loop contributions one should however take into 
account that the region of validity of the naive quantum chiral theory is only the low energy 
decomposition. 

The first paper on the meson form factors in chiral perturbation theory JU] revealed the 
resonance nature of this chiral decomposition. Taking into account the summation of the chiral 
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series as the meson form factors in the investigation of the processes directly connected with 
the K 7c transition (hke nonleptonic kaon decays and —>■ 7r"^e"^e~(/i+yU~, uu)) is the main 
difference of the effective chiral Lagrangian approach apphed in the present paper from other 
ones cited above. 

The introduction of the meson form factors in the chiral dynamics supposes that the low- 
energy dynamics can be separated by the Dirac formulation of the Standard Model El 
El where all vector fields (7, W, Z) contain instantaneous potentials in the Lorentz frames 
defined by the in and out physical states considered in S- matrix as the irreducible representa- 
tions of the Poincare group. The dominance of the instantaneous interactions in the kaon-pion 
transitions differs our approach from the previous ones based on the heuristic Faddeev - Popov 
approach fSlCSl, where instantaneous interactions were neglected. 

We suppose also that the quark content of the mesons determines hadronization of QCD 
|17| ITH] conserving its chiral and gauge symmetries. 

These differences allow us to study the possibility of establishing connection of the cor- 
responding decay probabilities with the vr and K meson form factors and extracting infor- 
mation about form factors of vr and K mesons from the 7r+ transition in the 
TT^ e~ {11^ IJi~ , pu) and fC+vr^ — > {fi^ fi~ , uu) processes. We present the exphcit forms of 
the amplitudes of these processes in terms of meson form factors in the Standard Model of 
electroweak (EW) interactions. 

2. Chiral Bosonization of EW Interaction 

We begin with the Lagrangian of EW interaction of quarks 

2v2sm6'vi/ 

where = (i'7^(l — 75)^; d' = d cos 9c + s sin 6c, Oc is a Cabbibo angle sin 9c = 0.223. The 

quark content of 7r+ and mesons 7r+ = (d, u), = (s, u),l{^ = (s, d) leads to the effective 
chiral hadron currents in the Lagrangian 

J± = [Jl±t4] cos ec + [Ji±^Jl] sin Oc , (2) 
where using the Gell-Mann matrixes A*^ one can define the meson current as [Hj 

z J2 ^'J' = ^A^Vj- - 4)^= = F^e^%e-^^, (3) 



k=l 



(4) 



In the first orders in mesons one can write 

V- = V2 [sinOc {K-dy - Ti'^d^K-) + cos^^c {-K'd^ - tt^S^tt-) ] (5) 

and 

A' = V2F^ {d^'K~ sin Oc + d^ix" cos Oc) ; (6) 
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here F.,^ ~ 92 MeV. The right form of chiral Lagrangian of the electromagnetic interaction of 
mesons can be constructed by the covariant derivative ^ D^x^ = {d^i ± iGA^)x^, where 

The main idea is a consideration of the instantaneous interactions in this model (that is 
associated with the Yukawa potential of massive vector bosons). 



3. Instantaneous Coulomb Interaction in QED 

In order to explain the main idea of describing of massive bosons, let us consider the action of 
photons Sqed = J d'^xC, where 

^ = F^u + Jm^m - V^(n<9 + m)ij (7(9 = 7^9^), (7) 

is the QED Lagrangian, is a vector potential, F^^, = d^Ai, — d,,A^, index /i, z/ = 0, 1, 2, 3, ip 
is the electron-positron field described by the Dirac bispinor, = etp'^fj^ip is the charge current, 
and e is the electron charge. 

The instantaneous Coulomb interaction is an attribute of the Hamiltonian formulation in 
a concrete Lorentz frame in QED, because the time component of the vector field Aq has 
the zero canonical momentum^ Pq = dC/d{doAQ) = 0. Therefore, Dirac [TT] supposed to 
consider Aq as a classical field and excluded it by the manifest resolution of the Gauss constraint 
AAq — dodkAk = —jo (where A = dj) and the gauge transformation 

At''\A) = Ao + doX'^'^^\A)=Ao-do^dkA,, (8) 

Af^^\A) = Ai + diX^^^''\A) = Ai-di^dkAk, (9) 

V'('-^<^)(^,A) = e^^^'^"'(^V, (10) 

where X^^^\A) = —-^dk A^ = ^ J d^y ^^ ^^-^'j'^''^ " These gauge-invariant functionals were 
called the "dressed fields", or the "radiation variables". 

In terms of the gauge-invariant radiation variables the initial action of QED takes a form 

(11) 



•^QED — I d X 



This Lagrangian contains the Coulomb instantaneous interaction forming atomic and molecular 
bound states in the lowest order of the "radiation corrections" A^^'^'' = 0. The radiation action 
(|TT| corresponds to the propagator 

Dl^-''\q) = S,oS.o^ + ^M.^.. (^.- - ^) ^ - (12) 



+ is (p [q^ + is] 

Recall that Faddeev jTH] considered this Dirac approach (fTTj) to QED applied by Schwinger [12] 
for non-Abelian theory as the foundation of the Faddeev - Popov (FP) heuristic approach ^3], 

^Here = A^n^ and rt^ is a unit timelike vector ~ 1 that distinguishes timelikc and spacelike compo- 
nents [Af,]n = [{Afj,nf,), Ay - ni.(^;,ri^)]„^=(i, 0,0,0) = [^o,^fc]- 
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where the instantaneous interactions disappear. Really, one can prove that the last (lon- 
gitudinal) term in Eq. ()13p can be neglected for the class of the elementary particle scattering 
amplitudes, where charge currents are conserving and satisfy the equality jo9o "JfcQ'fc = 0. How- 
ever, in the case of calculation of the bound state spectrum the last term cannot be neglected, 
because it gives in (fT^ the instantaneous singularity forming observable atoms. 

Using the Lorentz transformations (proved at the level of Poincare algebra of observables 
|2Up one can find the photon propagator in an arbitrary frame as follows fT^ . 

D^'^'^^^Haln) = - 6^ - — (14) 

^^'^ |g^2| \q^^\)q^ + ^e' ^ ^ 

where qj[ = q^ — n^{qn), S^^ = 5^^ — n^n^, and is the timelike vector reflecting the initial 
conditions defined by physical states of the quantized fields IT7| ITHj. 



4. Instantaneous Interaction in SM 

SM was formulated [21] on the basis of the FP heuristic approach without instantaneous 
interactions. Therefore, we shall use here the generalization of the fundamental radiation 
variables in QED ()14|1 to massive vector fields, described by the action, 

W = I d^x 



that considered in using the manifest resolution of the Gauss equation and "dressing" all 
fields by the gauge transformation with A^*^'"'^'^^ = [1/(M^ — A)]5fcPF^. 

The action of W-bosons in SM in terms of the radiation variables contains the instantaneous 
Yukawa interaction of the currents (0) and (jH)) with the Hamiltonian 

^-^- = %\<^'-J-^M^Jt ^ where ^ = (15) 
The radiation variables lead to a propagator of type of the QED one ()12|) 

which has no singularity in the massless limit and is well behaved for large momenta. As it 
was shown in the Lorentz transformations of classical radiation variables coincide with the 
quantum ones and they both (quantum and classical) correspond to the transition to another 
Lorentz reference frame distinguished by another time-axis, where the propagator takes the 
form 



with q^ = q^- n^{qn), 6^^ = 
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5. The K 7T Transition Amplitude and the Rule AT = - 



One can estimate the —>■ 7r+ transition amplitude 



where 



G 



sin 9c cos 9, 



c 



EW 



8M^ 



sin^ 9 



= sin 6'c cos 9c— f= 
w v2 



is the constant. Making the normal ordering of the vr*^ fields 



A{x-y) =< 0|7r^(x)7r^'(?/)|0 >= 5" 



(19) 



(20) 



where Et^{1) = ym^ + P is the energy of vr-meson, in the product of vector currents, one can 
find the expression in the lowest order of chiral perturbation theory 



S(p2) = 2pl 



^ 1 



here 



1 + 



Ml. 



2E^{l)Ml, + l\ 
dH 1 



(21) 



(22) 



is the parameter of the enhancement of the probability of 7r+ transition. In the low- 

energy chiral perturbation theory |10^ , the summation of the chiral series can be parameterized 

by the meson form factors fK-Kwi~^'^) /tJCvkI"^^) IHEIIII- 
Finally, the instantaneous interaction can give the result 



1 + 



Mir 



(23) 

2E^{1) Ml, + P 

where = b.l 5J. The relation (jSHI), can be considered as the low-energy sum rule for meson 
form factors in the space-like region. 

This result shows that the simultaneous vector interaction can increase the axial interaction 
—>■ 7r+ transition in times and give a new term describing the K'^ — > vr" transition 
proportional to (^s — 1- 

Using the covariant perturbation theory [22]^ and relativistic invariance ( Jq ~^ J]l) one can 
calculate this enhancement in terms of currents as the effective Lagrangians 



^(AT=i) = -^gscos9csm9c[{Jl + iJl){Jl-iJl) - + ^4){Jf. - ^Jl) + h.c. 



'^(AT=|) 



— ^ COS 9c sin 9c 
v2 



{Jl + ^Jl){Jl-^Jl) + h.c. 



(24) 
(25) 



in satisfactory agreement with experimental data within the accuracy 20 -i- 30% jHlESl- 

^The covariant perturbation theory was developed as the series ^/q (t ® = ^oiO ~^ P^doj'^ + YfijkJo {£.) 
0(7^) with respect to quantum fields 7 added to ^ as the product e*^e'^ = e''^^®'») |221- 
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— * #^^V#— w ' 

7r+(fc) 7r+(p) 



(&) 



K+{k) K+{p) W+{p) n+{p) 




Fig. 1: Axial current contribution 



6. The ir+ ^ 7r+ + / + / amplitude 

The result of calculation of the axial contributions to the amplitude of the process 

+ 1 + 1 within the framework of chiral Lagrangian (jH]) including phenomenological meson 
form factors shown in Fig. ^ as a fat dot takes the form 



where Gew is the constant fT^ . = J'j^l is leptonic current, 



A;2 



+ 



Ml 



+ 



and /^"/^-^''(q'^) are meson form factors. In this expression the propagator Dj^J^"^"^"^' {p\n) given by 
Eq. (fTTj) keeps only the Yukawa potential part 



W,(rad), 



(26) 



(27) 



p^M^ 



On the mass-shell the sum fj27|) takes the form 



w 



(28) 



Mi 



mf 



As can be seen in E] , the amplitude for tt'^ + 1 + 1 vanishes at the tree level, where 

form factors are equal to unit t{q'^)\fv^fA^i = 0. It is well known that these form factors in 

the limit — take the form f^'^{q'^) = 1 — ^ < >!r'^/f'^ where < >l^if^'* are the axial 
and vector mean square radii of mesons, respectively, in agreement with the chiral perturbation 
theory HIHIIIII!. 

The result of calculation of vector contributions to the amplitude of the process 
TT"*" + / + / within the framework of chiral Lagrangian (^, Q including phenomenological meson 
form factors shown in Fig. |2 as a fat dot takes the form 



yyy(rad)(^+ ^ TT + /+/") = 2eGEW L^D^^J'^'^^q) (k, + p,) t'''' {q\ k',p') 



(29) 
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7r 



K+{k) W+{-l) n+{k) 7r+(p) 



K+{k) K+{p) W+{-l) n+{p) 



n%k + l) 




K+{k) W+{-l) 7r+{p) 




K+{k) W+i-l) 7i+{p) 



where 



Fig. 2: Vector current contribution 



/2 



ml — k"^ — it 



+ 



M^-p'^ - it 



+ 



here f^^^r^{P), fx-j^wyi^'^) ^^^^ particle interaction form factors which should coincide 

with the three particle interaction form factors — fnnw^ fKnW-y — Ik-kW accordance 

with the gauge invariance of the strong interactions. 

Using the result (j^^ one can write on the mass shell fc^ = M|-,p2 = m\: 



VVi2 



(30) 
(31) 



where g%,t{q^) are given by Eqs. and (j2HI), respectively. 

Finally, the result of calculation of axial and vector contributions to the amplitude of the 
process — >■ tt"*" + / + / within the framework of chiral Lagrangian 0,® including phe- 
nomenological meson form factors takes the form 

i(rad) 



T} 



2egsGEwL.D;^r''\q)ik, + p,) t{q^). 



■ {K+^-K+l+l-) 

This amplitude leads to the total decay rate for the transition vr+e+e" 

(Afif-m^)2 



r(i^+^7r+e+e-)((^X " "^tt)^) = Te+e 



Ml 



piQ'Mq'), 



(32) 



(33) 



where 



(47r)2t(g2) 



(47rF^) 



'Mi 



mf 



(35) 



and 



1 - 



4m' 



2\ 1/2 



X 1 + 



2m 



A^/^(l,gVMi,m^/M 



here A(a, 6, c) = a^+6^+c^— 2(a6+6c+ca), siCiCs is the product of Cabibbo-Kobayashi-Maskawa 
matrix elements VudVus- 

The mechanism of enhancement |AT| = | considered in this paper can be generahzed to a 
description of other processes including —>■ tt'^uu by replacing the 7-propagator by the Z- 
boson one, so that we have the relations 



-\ 2 



(47rF^) 



p{q')Te 



dq^ 



Ml dT^K+^n+uP){q^) 



p{q')r. 



mq')+L^iq'' 



dq^ 



f:{q') + [rKiq')-f:{q')] 



ml 



Ml 



mt 



(36) 



Thus, exploiting the instantaneous weak interaction mechanism of enhancement in the K ^ ir 
transition probability and QCD symmetry we derive the sum rule of EW vector meson form 
factors given by Eqs. (j221), (I2H1), (jHSI) and their relation to the differential K — > iie^e~ decay 
rate 



6.1. The form factor probe of the differential K 7re+e decay rate 

The estimation of the meson loop contribution was made in where a function (j)'^{q^) was 
used instead of the form factor rate F[q^) (jHKjl 

F{q') =^ ^\q') 

It was shown that the values = 5.1, 0(0) = 1 gave the total decay rate T(^K+^TT+e+e-) = 
1.91 X 10~^^ GeV in the satisfactory agreement with the experimental data Ti^x+^n+e+e-) = 
1.44 ± 0.27 X 10~^^ GeV fl^ l^5j. However, the main contribution goes from the baryon loops 
IHEllZj. Therefore, we discuss here the value of the differential K 7ie~^e~ decay rate (j35|l 
in the chiral perturbation theory [HJ E]j where both the pion loop contribution 11,^ and baryon 
ones lead to the meson form factors and resonances 01 E]] in the Pade-type approximation 



where 



/.V) - f^{q') = l + M-'q' + ...c. (38) 

^ -'"a q 

m? A 2 

"° = (4^3 " 103' ^''^ 
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n,(t) = (1 - t) U - ij arctan ( - 1; < t < {2m^f (40) 

.X i-^f f , ti/2 + (t_ 1)1/2^ 

n.W = ^(l-|J [^^ - log 1)1/2 j + li (2m.)^<t (41) 

is the pion loop contribution |H1 GDI, and Mp = 771 MeV and Ma = 980 MeV are the values of 
resonance masses [2l] that can be determined by the baryon loops [H El El 02] ■ 
The constant approximation of the type of [5] 

F{q' = 0) = F(0) = (4nF^Y^-i^^^^^^^^^\^.=o = (47rF.)^[M;2 - M'^j^ = 0.74 (42) 

corresponds to the value of T(^K+^n+e+e-) = 1-41 x 10"^^ GeV in satisfactory agreement with 
the experimental data T^K+^^+e+e-) = 1-44 ± 0.27 x lO'^s QeV fMHF]. 

The form factors (jHTj) and ()38|) below the two particle threshold < 4m^ determines the 
differential rate F{q^) as a function of 

^'^''^ ll-M-VPIl'-M.-VP ;^>ogftf)l,=.o-2[M- + M-l-5GeV-(43) 

At the region above the two particle threshold 4m^ < < [Mk — rnT^Y there is a jump of the 
differential rate F{q^) at the level of 5 10 % 

' ^ ^' [1 - M-2g2]2[i _ M-2g2]2 ^^^^ 

These results fE^ . and are arguments that the detailed investigation of the 

differential K —>■ TTe~^e~ decay rate in the NA48/2 CERN experiment can give us information 
about the meson form factors. To make much more realistic analysis, we have to use the unitary 
and analytic model for meson form factors [2^] describing very well all experimental data. 



Conclusion 

We have seen that experimental data testify to that the kaon-pion transition can be obtained, 
in SM model, by the normal ordering of the pion field in the instantaneous interaction (fT^ 
as one of the indispensable attributes of the Dirac approach to SM 141. This interaction can 
explain the rule AT = 1/2 in the nonleptonic kaon decays in the lowest order of the "radiation 
corrections". Paraphrasing Lord Eddington: "A proton yesterday and electron today do not 
make an atom" |2Zj one can say that "A kaon yesterday and pion today do not make a weak 
K ^ 71 transition" [21 Ej • The dominance of the instantaneous interaction of massive vector 
boson time components justifies the application of the chiral perturbation theory leading to 
meson form factors [HIEI. Exploiting the instantaneous weak interaction (IWI) mechanism of 
enhancement in the K ^ tc transition probability and QCD symmetry we derive the relation 
between meson form factors and the differential semileptonic decay rates These relations 
allow us to estimate parameters of i^' ^ vre+e" decay rate in the NA48/2 CERN experiment. 

These results show us that the Dirac Hamiltonian formulation T3] of Standard Model can 
reveal new physical effects in the comparison with its FP heuristic version |21| used now for the 
describing observational data. Therefore, the problem of such the formulation becomes topical 
in the light of the future precision experiments. 
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